A new system-level approach can be used to produce cameras with better detection range and reduced size, weight, power, and cost.
Figure 1. List of components and primary metrics used in our systemlevel model. Lines indicate which components influence the different metrics.
we are able to produce an end-to-end design of an imaging system that uses the most relevant metrics (e.g., detection range, size, weight, power, and cost), as shown in Figure 1 .
To enable the direct optimization of the probability of task performance, we implemented the targeting task performance metric (TTP) 3 and validated it against the Night Vision Integrated Performance Model (NV-IPM) software package. 4 The size and weight metrics of our model include the lens elements, the lens assembly (i.e., the barrel or the non-transmitting material around the clear aperture, in the case of wafer-level optics), and the sensor. The cost metric is specific to the manufacturing process involved as each has its own cost model, tolerances, and constraints that affect performance and yield. Generally, the costs of the bulk material, lens forming process (e.g., machining, molding, dry or wet etching), assembly process, and antireflective coatings are included in our model. By using system-level metrics together with variables in all the components, we have optimized our system so that dramatic improvements to any of the metrics (e.g., performance, size, weight) or to the balance between the metrics can be made. To demonstrate our system-level design process, we optimized an uncooled long-wavelength IR (LWIR) camera system. We were able to improve the initial probability of task performance by a factor of three. The contrast threshold function 5 for the LWIR camera, before and after our optimization procedure, is shown in Figure 2 . The probability of task performance metric involves 
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RI: Relative illumination. MIN DIS: Minimum distortion. MAX DIS: Maximum distortion. DIS DIFF: Distortion difference (difference between Max dis and Min dis).
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integrating over the contrast threshold function, and therefore the broader response-shown in Figure 2 (b)-results in a betterperforming system.
Our overall framework allows us to change the weighting of different system-level metrics. This means, for example, that we can see the differences between a small camera, a wellperforming camera, and a low-cost camera. We have built custom software with which the results of the modeling can be visualized. The software can also be used to filter the solutions, based on any of the system-level or component metrics, and allow for a comparison of the different camera solutions (see Figure 3 ). Our visualization software provides a common framework for both technical and non-technical users to explore the trade-offs and ultimately select the solution that is best for a specific application.
We have developed a new approach for optimizing the design of imaging systems. This approach, used together with the software we have built, allows many systems to be simultaneously compared, which permits non-experts to select the best system for a particular application. We now plan to implement the same system-level design framework for the design of visible spectrum systems for commercial applications.
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